Finite-size effects in amorphous Fe90Zr10/Al75Zr25 multilayers by Korelis, P. T. et al.
ar
X
iv
:1
20
7.
13
27
v1
  [
co
nd
-m
at.
mt
rl-
sc
i] 
 5 
Ju
l 2
01
2
Finite size effects in amorphous Fe90Zr10/Al75Zr25 multilayers
P. T. Korelis,1 P. E. Jo¨nsson,1 A. Liebig,1, 2 H.-E. Wannberg,1 P. Nordblad,3 and B. Hjo¨rvarsson1
1Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden
2Institute of Physics, Chemnitz University of Technology, D-09107 Chemnitz, Germany
3Department of Engineering Sciences, Uppsala University, Box 534, SE-751 21 Uppsala, Sweden
(Dated: December 1, 2018)
The thickness dependence of the magnetic properties of amorphous Fe90Zr10 layers has been
explored using Fe90Zr10/Al75Zr25 multilayers. The Al75Zr25 layer thickness is kept at 40 A˚, while
the thickness of the Fe90Zr10 layers is varied between 5 and 20 A˚. The thickness of the Al75Zr25
layers is sufficiently large to suppress any significant interlayer coupling. Both the Curie temperature
and the spontaneous magnetization decrease non-linearly with decreasing thickness of the Fe90Zr10
layers. No ferromagnetic order is observed in the multilayer with 5 A˚ Fe90Zr10 layers. The variation
of the Curie temperature Tc with the Fe90Zr10 layer thickness t is fitted with a finite-size scaling
formula [1 − Tc(t)/Tc(∞)] = [(t − t
′)/t0]
−λ, yielding λ = 1.2, and a critical thickness t′ = 6.5 A˚,
below which the Curie temperature is zero.
PACS numbers: 75.50.Kj, 75.50.Bb, 75.70.Cn, 75.20.Hr
I. INTRODUCTION
The reduction of one of the spatial extensions of a
material is accompanied by large changes in magnetic
properties.1,2 The change of the surface/volume ratio af-
fects the magnetic anisotropy energy3,4 and the presence
of proximity effects can lead to an effective enhancement
or reduction of the magnetic moment.5 Finite-size scaling
theory6,7 predicts a reduction of the transition temper-
ature as the film thickness is reduced to the nanome-
ter scale. This is experimentally observed for e.g. the
Curie temperature of a number of crystalline thin film
systems,5,8,9 as well as for the spin glass transition tem-
perature of thin spin-glass layers.10 A finite-size scaling
of the form [1−Tc(t)/Tc(∞)] = (t/t0)
−λ, where the shift
in transition temperature Tc(t) with changing film thick-
ness t is given by the shift exponent λ = 1/ν, is usually
used to fit experimental data. This relation has been
shown to hold experimentally for films in the 3D limit,
but not in the thickness limit where a 3D to 2D crossover
occurs.8 An alternative scaling relation was proposed for
films in the ultrathin film limit6,9
1− Tc(t)/Tc(∞) = [(t− t
′)/t0]
−λ (1)
where Tc(t) = 0 at a finite film thickness t
′. This scaling
relation has been shown to hold even through a 3D-2D
crossover.9
The magnetic properties of crystalline and amorphous
materials are similar in some respect, but there are well
defined and important differences, such as the presence
of local random anisotropy11,12 instead of magnetocrys-
talline anisotropy and the absence of atomic steps, and
hence step-edge anisotropy, at interfaces of amorphous
layers.
An amorphous Fe layer can be interface-stabilized, in
certain multilayer structures, up to a critical thickness of
the amorphous layer,13–20 above which the bcc structure
of Fe is recovered. Interface stabilization has therefore
limited value when exploring the thickness dependence of
the magnetic properties of amorphous Fe, both due to the
limits in the accessible range and the possible changes in
the atomic configurations with the layer thickness. An al-
ternative route for obtaining amorphous layers is to form
alloys of elements with large differences in atomic size.
Zr can be used to make amorphous Fe-based alloys, in
which a minute amount of Zr can cause a large increase
of the critical thickness for the amorphous-to-crystalline
transition. At concentrations above 7 at. %, the amor-
phous phase is fully stabilized and amorphous FeZr al-
loys can therefore be deposited without restrictions in
thickness.21,22
There exists a wealth of reports on the bulk properties
of amorphous FeZr alloys from both experimental23–35
and theoretical studies.36–38 Currently there is no gen-
erally accepted view on the description of the magnetic
structure at the atomic-scale, although several models
have been proposed. These include the ’wandering axis’
model, in which the axis of the local ferromagnetic order
changes direction over short distances,28 the freezing of
the transverse components of the magnetization at low
temperature,33 the formation of antiferromagnetic spin
clusters in a ferromagnetic matrix23,26,27 and the arrange-
ment of the moments in finite, interacting, non-collinear
spin clusters32,34 or non-collinear clusters embedded in
an infinite ferromagnetic matrix.30,31,35,39
For amorphous FeZr/AlZr multilayers it has been ex-
perimentally observed that the interlayer exchange cou-
pling between the magnetic layers can be neglected when
the thickness of the AlZr layers exceeds 25 A˚.40 Mul-
tilayers with several repetitions of the magnetic layer
can therefore be used to explore inherent finite size ef-
fects. Here, we address the dependence of the Fe90Zr10
layer thickness on the magnetic ordering in amorphous
Fe90Zr10/Al75Zr25 multilayers. First, the structural qual-
ity of the multilayers is established, and thereafter the
resulting magnetic properties are presented. Finally, the
effect of finite size on the Curie temperature (Tc) and the
size of the magnetic moment are discussed.
2II. EXPERIMENTAL DETAILS
The samples were deposited at room temperature in
a UHV magnetron sputtering system. The base pres-
sure of the system was in the 10−8 Pa range and the
sputtering gas was high purity Ar, at a pressure of 0.4
Pa. The substrates were Si (111) precut crystals with
a thermal oxide surface layer. The sample stage was
rotated during deposition, to ensure lateral uniformity
in layer composition and thickness. The Fe90Zr10 and
Al75Zr25 alloy layers were co-deposited from three differ-
ent DC sources, using high-purity targets. The desired
composition was achieved by adjusting the sputter rate
of each material. Rutherford Backscattering Spectrom-
etry (RBS) measurements were performed to determine
the composition of the layers.
Four different multilayer samples were investigated, all
prepared with a seed layer of Al75Zr25, upon which ten
repetitions of the bilayer were deposited. The bilayer con-
sists of an Fe90Zr10 layer of different thickness, varying
from 5 A˚ to 20 A˚, and an Al75Zr25 layer with a nominal
thickness of 40 A˚. Both the top and bottom interfaces
for all Fe90Zr10 layers are Al75Zr25. A 300 A˚ thick film
of Fe90Zr10 on an Al75Zr25 seed layer was prepared as
reference for the bulk limit. A 25 A˚ thick capping layer
of Al was deposited on top of all samples. Each sample
will be referred to by its nominal layer thickness, e.g. the
sample with 5 A˚ Fe90Zr10 and 40 A˚ Al75Zr25 is labeled
5/40.
The layering and the amorphous quality of the sam-
ples were investigated by X-ray reflectivity and diffrac-
tion measurements. All reflectivity scans were performed
using Cu Ka radiation on a Siemens D5000 diffractometer
in Bragg-Brentano geometry with a secondary monochro-
mator. Diffraction scans with small incidence angle
(grazing incidence) of 1.2◦ with respect to the sample
surface were carried out on a parallel beam setup (Cu
Ka radiation) equipped with a Goebel mirror and a Soller
slit with 0.40◦ divergence. The ac-susceptibility and dc-
magnetization measurements were performed in a Quan-
tum Design MPMS SQUID system. Before each mea-
surement series the remanent field of the superconduct-
ing magnet was nulled out using the ultra low field option
of the MPMS system.
III. RESULTS AND DISCUSSION
A. Structural properties
The X-ray reflectivity (XRR) curves for the samples
with the thickest and thinnest Fe90Zr10 layers (20/40 and
5/40, respectively) as well as the 15/40 sample are pre-
sented in Fig. 1. For the 20/40 sample, bilayer peaks up
to the fifth order are observed. The appearance of many
reflectivity peaks in an extended 2θ range is evidence of
well-defined bilayer thickness with small interface rough-
ness. The short period oscillations (Kiessig fringes) are
visible in between the reflectivity peaks, signifying a well-
defined total film thickness and small surface roughness.
The results for all samples are fairly similar, except those
obtained from the 15/40 sample. A more rapid decrease
of the reflected intensity is seen in the results from the
15/40 sample, with the fourth order peak only barely
seen. The intensity of the Kiessig fringes also decays
faster than for the other samples, indicating larger wavi-
ness in the structure.
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FIG. 1. X-ray reflectivity scans for the multilayer samples
with 5, 15 and 20 A˚ thick Fe90Zr10 layers. The scans are
offset along the intensity axis. Transverse scans on the first
order bilayer peaks are shown in the inset. The positions of
the observed maxima are set to zero.
We obtained the thickness of the individual layers by
analyzing the reflectivity scans. The results are summa-
rized in table I. The seed layer was determined to be
94(1) A˚ thick for all samples and the capping layer is be-
tween 25 and 30 A˚, depending on the degree of oxidation
of the Al capping.
Layer thickness (A˚)
Sample Fe90Zr10 Al75Zr25
5/40 4.7(1) 37.5(4)
10/40 9.5(1) 37.5(4)
15/40 14.2(3) 34.0(4)
20/40 18.9(1) 37.5(4)
300 280(2) -
TABLE I. The actual layer thickness for the samples, obtained
from the X-ray reflectivity measurements. The uncertainty
for the last significant digit is shown in parenthesis.
Transverse scans were measured in the vicinity of all
the reflectivity peaks and the results for the first order
reflectivity peaks are shown in the inset of Fig. 1. A
narrow and sharp intensity profile near the specular con-
3dition and a broad background that corresponds to dif-
fuse scattering can be seen. No significant changes are
observed in the transverse scans when the Fe90Zr10 layer
thickness is varied, except for the 15/40 sample which has
considerably larger width and significantly higher diffuse
scattering. The integrated intensity of the diffuse scat-
tering in this sample adds up to 2.5 % of the integrated
specular intensity, while the corresponding results for the
other multilayer samples are 0.5–1 %. The 15/40 sample
exhibits therefore less flat layers, which can be described
as waviness in the layered structure.
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FIG. 2. (Color online) Grazing incidence X-ray diffraction
measurements for the 300 A˚ Fe90Zr10 and multilayer samples.
The inset shows the results with the substrate background
subtracted.
We performed grazing incidence X-ray diffraction
(GIXRD) scans to investigate the amorphous quality of
the samples. The GIXRD patterns for the bulk reference
Fe90Zr10 layer and the multilayer samples are shown in
Fig. 2. Only very broad features can be observed, which
signifies a short coherence length of the interatomic dis-
tances and is characteristic of amorphous structures. The
non-linear background originates from the top SiO2 layer
of the substrate. The inset of Fig. 2 shows the diffrac-
tion patterns with the background subtracted. The only
detected peak for the 300 A˚ Fe90Zr10 layer is centered
at 43.6◦. For crystalline bcc Fe, the strongest diffraction
line is found at 44.7◦ and corresponds to the distance be-
tween the (110) atomic planes. Therefore, the peak po-
sition for the amorphous Fe90Zr10 layer indicates a slight
increase of the average nearest neighbor distance for the
Fe atoms. For the multilayers, a broad peak centered
at approximately 38.1◦ is detected. This position is in
the vicinity of the (111) reflection from elemental fcc Al
(38.5◦). The contribution to the multilayer diffraction
patterns from the Fe90Zr10 layers does not give rise to a
distinguishable peak but is seen as an extended shoulder
in the high-angle side.
B. Magnetic properties
The field dependence of the magnetization of the sam-
ples measured at 5 K is displayed in Fig. 3. All sam-
ples, except the 5/40 sample, show a ferromagnetic re-
sponse. As seen in the figure, the M(H) curves look
similar for the ferromagnetic Fe90Zr10 multilayers, with
small coercivity and low saturation fields. The 300 A˚ film
has larger coercivity, around 200 Oe, and shows a grad-
ual increase of the magnetization with the applied field,
which extends well above the apparent saturation field
value. This behavior, commonly observed in amorphous
FeZr bulk samples, can be understood as originating from
alignment of regions with non-collinear components of
the magnetic moments. The magnetic moment per iron
atom is found to be 1.3 µB/Fe in a field of 4 T for the
300 A˚ sample. This value agrees well with other stud-
ies of co-sputtered bulk-like films of Fe90Zr10,
24 and the
magnetization value at 0.1 T agrees with the moment
obtained by polarized neutron reflectivity experiments
(PNR) on the same type of thick Fe90Zr10 film.
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FIG. 3. (Color online) Field dependence of the magnetiza-
tion recorded at 5 K. A density for amorphous Fe90Zr10 of
8.0 g/cm3 is used to obtain the magnetic moment per iron
atom. The data were corrected for the diamagnetic contribu-
tion of the Si-substrates.
The results from zero-field-cooled (ZFC) and field-
cooled (FC) magnetization measurements in a magnetic
field of 20 Oe are displayed in Fig. 4. Also shown in the
figure are the real and imaginary components of the ac
magnetization, measured with field amplitudes of 0.06
and 4.0 Oe at a frequency of 330 Hz. The transition
temperature Tc of each sample was determined from the
inflection point in the low field m′(T ) curve, and it is
marked with a dotted line in the figure. The acquired
Tc for the reference sample is 205 K, which agrees well
with some earlier studies27,29 but is somewhat lower than
other reported values for bulk, rapid-quenched alloys of
the same nominal composition.23,25,26,28,32–34 The tran-
sition temperature of the multilayers decreases with de-
creasing magnetic layer thickness - being 191, 180 and
130 K for the 20/40, 15/40 and 10/40 multilayers, re-
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FIG. 4. (Color online) Upper panels: Temperature dependence of the zero-field-cooled (ZFC), field-cooled (FC) and the real
components of 330 Hz ac magnetization. Lower panels: Temperature dependence of the imaginary components of 330 Hz ac
magnetization. The rms amplitudes of the oscillatory fields are 4 and 0.06 Oe. During the ZFC process, a small negative
remanent field in the magnet gave rise to an initially negative ZFC magnetization for the 300 A˚, 20/40 and 15/40 samples.
The Curie temperature (defined in the text) is indicated as a dotted line.
spectively. For all samples, the Tc is found to coincide
with the onset of the imaginary part of the susceptibility,
m′′(T ) (lower part of Fig. 4).
Below Tc, the FC and ZFC curves bifurcate and
the bifurcation temperature is both sample- and field-
dependent. The bifurcation temperature is governed by
the temperature dependence of the coercivity and occurs
at a temperature where the coercivity has reached the
order of the applied field. The observation of a splitting
between the FC and ZFC curves does not prove or dis-
approve the existence of a possible re-entrant spin glass
phase23,27,31 or transverse spin-freezing temperature.28,33
However, the low field (0.06 Oe) ac magnetization results
do not indicate any low-temperature anomaly character-
istic of a glass transition for any of the samples.
The field dependence of the ac magnetization, shows
significant difference in-between the reference 300 A˚
Fe90Zr10 sample and the multilayers and also among the
three multilayers. The very weak response of the refer-
ence sample to a small ac magnetic field of 0.06 Oe (dis-
cernible in the figure only very close to Tc), compared to
the almost saturating behavior in a rather wide tempera-
ture range in the 4 Oe case, indicates that a finite coercive
field immediately emerges just below Tc. However, the
coercivity remains small (less than 4 Oe) down to about
100 K. At this temperature, both the real and imaginary
components of the magnetization decrease steeply. In
comparison, the multilayer samples show a stronger re-
sponse to a 0.06 Oe ac field, with significant magnitude
of both the real and the imaginary parts, well below Tc.
Furthermore, the 4 Oe results show that the decay of
the real and imaginary magnetization components of the
multilayers at low temperature is more gradual compared
to the 300 A˚ sample.
The field-induced magnetization above the Curie tem-
perature is enhanced in the multilayers compared to the
reference sample. To illustrate this point, we plot the
FC magnetization in an applied field of 20 Oe in Fig. 5,
as a function of reduced temperature T /Tc. The magne-
tization shows a sharp increase at a temperature above
Tc in a rather similar way for the multilayers, whereas
the increase starts much closer to Tc for the 300 A˚ ref-
erence sample. This observation is consistent with the
previously reported 2D XY -like character of similar thin
amorphous multilayers,40,42 resulting in enhanced mag-
netic correlations above the Curie temperature.43,44 The
300 A˚ Fe90Zr10 sample has a clear maximum in the FC
magnetization at about 0.5 in reduced temperature. This
reflects an increased importance of exchange frustration
and random anisotropy, which are responsible for an
increasingly non-collinear arrangement of the magnetic
moments with decreasing temperature.30,31,36–39 The FC
magnetization curves of the multilayer samples also show
maxima or plateaus. However, these are much weaker
and appear at lower temperatures as compared to the
300 A˚ film. This is in agreement with the suppression
of the non-collinearity observed in Fig. 3 for the thin
Fe90Zr10 layers.
The frequency dependence of the ac susceptibility is
displayed in Fig. 6. Here, we include the ac susceptibility
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FIG. 5. (Color online) Field-cooled (FC) magnetization
measured in a field of 20 Oe versus the reduced tempera-
ture T/Tc for the 300 A˚(thick solid line), 20/40 (dashed line),
15/40 (solid line) and 10/40 (dashed-dotted line) samples.
for three different frequencies: 3.3, 33 and 330 Hz; all in
an ac field of 0.06 Oe. The temperature scale is given in
reduced temperature T/Tc, normalized to the Tc of each
sample. Starting from high temperature, the real compo-
nent of the susceptibility χ′(T ) is frequency-independent
down to the inflection point (which was used to define Tc)
for all samples. Compared to the reference sample, the
multilayers show larger maximum values of χ′(T ) and en-
hanced regions close to Tc, where fluctuations of the mag-
netization yield strongly frequency-dependent behavior,
on the timescale of our experiments (1/ω in the order of
milliseconds to seconds). Furthermore, the ac susceptibil-
ity of the thin Fe90Zr10 layers remains substantially larger
(and frequency dependent) for an extended temperature
range below Tc, compared to the thick reference film. The
20/40 and 10/40 samples behave quite similarly, with the
later having a lower magnitude of the susceptibility at all
frequencies. Compared to them, the susceptibility of the
15/40 sample, which exhibits less perfect layering, has
a smaller amplitude and weaker frequency dependence.
The extended range of higher magnetic susceptibility for
the multilayers is consistent with the presence of a 2D
XY -like magnetization in thin Fe90Zr10 layers.
40,42 The
inherent origin of this enhancement is the wide temper-
ature range of the criticality in 2D XY systems, as dis-
cussed by Archambault et al. [45].
We now turn our attention to the Langevin-likeM(H)
curve of the 5/40 sample (see Fig. 3). A similar be-
havior has previously been reported for a multilayer of
Co68Fe24Zr8/Al2O3.
46 However, in that case, the super-
paramagnetic behavior could be assigned to the forma-
tion of clusters resulting from a collapse of the continuity
of the magnetic layers at a thickness of about 10 A˚. In
the present case, the 5 A˚ Fe90Zr10 layers are continu-
ous and do not break down into small structural regions,
as confirmed by the X-ray reflectivity measurements (see
Fig. 1). Therefore, the seemingly superparamagnetic be-
havior does not arise from geometrically distinguishable
regions. Long range ferromagnetic order is nevertheless
hindered in the 5/40 sample. FC and ZFC magnetiza-
tion curves measured in applied fields of 50 and 200 Oe
are shown in Fig. 7. The FC and ZFC curves do not
indicate long-range ferromagnetic order at any tempera-
ture, but some irreversibility occurs between them below
10 K. We conclude that only short range magnetically
correlated regions form within the ultrathin Fe90Zr10
layers. In order to estimate the size of the correlated
magnetic regions, an M(H) curve at 20 K was fitted to
a Langevin function, yielding an average magnetic mo-
ment of 600 µB for the correlated regions; corresponding
to approximately 500 Fe atoms, assuming a moment of
1.3 µB per Fe atom. When considering the thickness of
the Fe90Zr10 bilayer, the in-plane correlation length is of
the order of 30 A˚.
We will now address the thickness-dependent changes
in Curie temperature and discuss the absence of ferro-
magnetic ordering in the 5/40 sample. The thickness
dependence of Tc is plotted versus the inverse thickness
of the Fe90Zr10 layer in Fig. 8. A fit to Eq. 1 is shown as
a solid line in the figure. The best fit was obtained with
t′ = 6.5 A˚ and λ = 1/ν = 1.2. This value of the shift ex-
ponent λ agrees with those obtained for crystalline films,
for which the λ values are typically found in between
those expected for a 3D Ising system (1/ν3D = 1.6) and
for a 2D Ising system (1/ν2D = 1).
5 The 5/40 sample is
below the critical thickness t′ for a non-zero Curie tem-
perature and the absence of ferromagnetism for the 5/40
sample is hence to be expected. The thickness depen-
dence of the magnetic moment in a field of 4 T is also
included in Fig. 8. The magnetic moment of the multi-
layer samples is saturated in this field, while that of the
300 A˚ sample exhibiting a non-collinear magnetization is
not fully saturated. The magnetic moment is neverthe-
less reduced as the Fe90Zr10 layer thickness decreases.
For ultrathin layers of Fe grown epitaxially, the mag-
netic moment per Fe atom can be either enhanced or
reduced depending on the substrate, e.g. a monolayer
of Fe on V(110) is nonmagnetic while a monolayer of Fe
on Au(111) exhibits a magnetic moment of 2.9 µB.
5,47
The substrate (or the nonmagnetic spacer in a superlat-
tice) can induce strain on the Fe due to the mismatch
in lattice parameter. Furthermore, electronic effects at
the interfaces (hybridization effect) between the Fe and
substrate/spacer may be an important factor determin-
ing the enhancement or reduction of the magnetic mo-
ment. A reduction of the magnetic moment is often de-
scribed by a magnetically dead layer at each interface
in a multilayer structure. The magnetic moment is, in
that case, found to scale with the thickness of Fe as
M(t)/M(∞) = (1 − 2ti/t) were ti is the thickness of
the interface regions with reduced magnetic moment.48
The reduction of the magnetic moment of Fe90Zr10 with
decreased thickness is, at least to a first approximation,
consistent with the magnetically dead layer picture (see
Fig. 8). However, since the saturated moment of the
60
1000
2000
3000
4000
5000
χ′
 
(em
u/O
e/c
m3
)
300
 
 
3.3 Hz
33 Hz
330 Hz
0.90 0.95 1.00
0
1000
2000
3000
4000
χ′
′ 
(em
u/O
e/c
m3
)
T/T
c
20/40
0.90 0.95 1.00
T/T
c
15/40
0.90 0.95 1.00
T/T
c
10/40
0.90 0.95 1.00
T/T
c
h=0.06 Oe
FIG. 6. (Color online) The in-phase (χ′) and out-of-phase (χ′′) components of the ac susceptibility, for ac fields with 0.06 Oe
(rms) amplitude and frequency 3.3, 33 and 330 Hz, plotted versus the reduced temperature (T/Tc).
300 A˚ sample is not reached in a field of 4 T, a detailed
analysis is not possible. For Fe on V(110) such a mag-
netically dead layer has been explained by intermixing
of Fe and V at the interface.49,50 The interfaces between
amorphous Fe90Zr10 and Al75Zr25 are smooth and suf-
fer the least possible from intermixing due to the low
deposition temperatures compared to crystalline films.41
Consequently, the differences in magnetic properties near
the interfaces can be attributed to the change of the
chemical environment of the Fe atoms close to interfaces,
compared to Fe atoms within the layer. This effect is
twofold in Al75Zr25/Fe90Zr10 multilayers: First, the ef-
fective Zr concentration is higher near the interface to
Al75Zr25 than within the Fe90Zr10 layer. Second, the
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FIG. 7. (Color online) Zero-field cooled (ZFC) and field-
cooled (FC) magnetization measured in a field of 50 and
200 Oe versus temperature for the 5/40 multilayer sample.
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FIG. 8. (Color online) Tc (squares) and magnetic moment
(circles) at 5 K, versus the inverse thickness of the Fe90Zr10
layers t−1. The solid line is a fit to the finite-size scaling
relation for Tc(t) [Eq. (1)] yielding t
′ = 6.5 A˚, t0 = 1.2 A˚,
and λ = 1.2. For the 300 A˚ sample, the magnetic moment is
determined in a field of 4 T.
number of nearest Fe-Fe neighbors is lower at the inter-
faces, reducing the strength of direct exchange coupling
between the Fe atoms at the near-interface regions.
IV. CONCLUSIONS
We have investigated how the thickness of the Fe90Zr10
layers influences the magnetic properties of amorphous
Fe90Zr10/Al75Zr25 multilayers with negligible interlayer
coupling. Both the Curie temperature and magnetic
7moment are reduced with decreasing thickness of the
Fe90Zr10 layer. A finite-size scaling of the Curie tem-
perature according to Eq. (1) yields the shift exponent
λ = 1.2 and the critical thickness t′ = 6.5 A˚, below which
the Curie temperature is zero. The absence of ferromag-
netic order observed in 5 A˚ Fe90Zr10 layers is hence in
agreement with the finite-size scaling. For a 300 A˚ thick
Fe90Zr10 film, used as bulk reference, the results are con-
sistent with the presence of a non-collinear magnetiza-
tion. The non-collinear magnetization is greatly reduced
for 10-20 A˚ thick Fe90Zr10 layers.
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